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DESCRIPTION 

DeviCG With ^"Absorbent Textured Capillary 

Field of the Invention 

This invention is in the field of assay devices, 
including devices for ligand-receptor methods which are 
used for the detection of selected analytes in a fluid 
5 sample. More particularly, this invention relates to 
devices for performing solid-phase assays requiring a 
separation of bound from unbound labeled reagents. The 
inventive devices described herein may be used in the 
performance of assays to obtain qualitative, semi- 
10 quantitative or quantitative determinations of one or more 
analytes within a single test format. 



Background of the Invention 

As used herein, the term "ligand-receptor" assay 
refers to an assay for an analyte which may be detected by 

15 the formation of a complex between a ligand and another 
substance capable of specific interaction with that 
ligand, i.e., ligand receptor. The ligand may be the 
analyte itself or a substance which, if detected, can be 
used to infer the presence of the analyte in a sample. In 

20 the context of the present invention, the term "ligand", 
includes haptens, hormones, antigens, antibodies, deoxy- 
ribonucleic acid (DHA) , ribonucleic acids (RNA) , meta- 
bolites of the aforementioned materials and other sub- 
stances of either natural or synthetic origin which may 

25 be of diagnostic interest and have a specific binding 
partner therefor, i.e., the ligand receptor in the ligand- 
receptor assay. The term "ligand receptor" includes 
materials for which there is a specific binding partner, 
i.e., the ligand of the ligand-receptor assay. Those 

30 skilled in the art will appreciate that the analyte of 
interest, a member of a specific binding pair, may be 
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either ligand or ligand receptor depending upon assay 
design. 

Ligand-receptor assays are generally useful for the 
in-vitro determination of the presence and/or concentra- 
5 tion of ligands in body fluids, food products, and envi- 
ronmental samples. For example, the determination of 
specific hormones, proteins, therapeutic drugs, and toxins 
in human body fluids has significantly improved the abil- 
ity of medical practice to diagnose and minister to the 

10 human condition. There is a continuing need for simple, 
rapid, non-instrumental assays for the qualitative and 
semi-quantitative determination of such ligands in a 
sample. This need for simple, rapid methods entails a 
concomitant requirement for assay devices to complement 

15 such assay methods. Furthermore, in many situations, such 
assays methods need to be simple enough to be performed 
and interpreted by non-technical users without the 
requirement of costly and complex apparatus suitable for 
use only in a laboratory setting by highly skilled 

20 personnel. 

Ligand-receptor assays rely on the binding of ligands 
by receptors to determine the concentration of ligands in 
a sample. Ligand-receptor assays can be characterized as 
either competitive or non-competitive. Non-competitive 

25 assays generally utilize receptors in substantial excess 
over the amount of ligand to be determined. Sandwich 
assays, in which the ligand is detected by binding to two 
receptors, one receptor labeled to permit detection and a 
second receptor typically bound to a solid phase to facil- 

30 itate separation of bound from unbound reagents, such as 
unbound labeled first receptor, are examples of noncompe- 
titive ligand-receptor assays. Proteins, hormones and 
deoxyribonucleic acid (DNA) are examples of ligands com- 
monly detected using non-competitive assays. Competitive 

35 assays generally involve ligand from the sample, a ligand 
analogue labeled to permit detection, and the competition 
of these species for a limited number of ligand receptor 
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binding sites. Examples of ligands which are commonly 
measured by competitive ligand-receptor assays include 
* haptens, hormones and proteins. Antibodies that can bind 

these classes of ligands are frequently used in both non- 
5 competitive and competitive assays as the ligand 
receptors. 

Ligand-receptor assays can be further described as 
being either homogeneous or heterogeneous. In homogeneous 
assays, all of the reactants participating in the reaction 

10 are admixed and the quantity of ligand is determined by 
its effect on the binding events involving the labeled 
species. The signal observed is modulated by the extent 
of this binding and can be related to the amount of ligand 
in the sample. U.S. Patent No. 3,817,837 describes such 

15 a homogeneous, competitive immunoassay in which the 
labeled ligand analogue is a ligand-enzyme conjugate and 
the ligand receptor is an antibody capable of binding to 
either the ligand or the ligand analogue. The binding of 
the antibody to the ligand -enzyme conjugate decreases the 

20 activity of the enzyme relative to the activity observed 
when the ligand-enzyme conjugate is in the unbound state. 
Due to competition between unbound ligand and ligand- 
enzyme conjugate for antibody binding sites, as the ligand 
concentration increases the amount of free ligand-enzyme 

25 conjugate increases and thereby increases the observed 
signal. The product of the enzyme reaction may then be 
measured kinetically using a spectrophotometer. 

Heterogeneous 1 igand- receptor assays require a 
separation of bound labeled ligand receptor or labeled 

30 ligand analogue from the free labeled ligand receptor or 
labeled ligand analogue and a subsequent measurement of 
either the bound or the free fraction. Methods for 
performing such heterogeneous, competitive assays are 
described in U.S. Patent Nos. 3,654,090, 4,298,685, and 

35 4,506,009; such a non-competitive assay is described in 
U.S. Patent No. 4,376,110. 
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The need for ligand-receptor assays that can be 
performed without the use of instrumentation has led to 
the development of assay devices that can be visually 
interpreted. U.S. Patent Nos. 4,125,372, 4,200,690, 
5 4,246,339, 4,366,241, 4,446,232, 4,477,576, 4,496,654, 
4,632,901, 4,727,019, and 4,740,468 describe devices and 
methods for heterogeneous, ligand-receptor assays that can 
develop colored responses to permit visual interpretation 
of the results. 

10 Among the first devices developed for ligand-receptor 

assays were simple dipstick type devices designed for con- 
tacting a porous material such as a membrane with both the 
sample and labeled reagents via immersion allowing appro- 
priate reagent incubations to occur and then separating 

15 the free from the bound label using a wash step. Such 
devices are described in U.S. Patent Nos. 3,715,192, 
4,200,690, and 4,168,146 and EPO Appl. Nos. 0 032 286 and 
0 063 810. A common distinguishing feature of devices 
constructed in a dipstick format is the absence of a fluid 

20 receiving zone within the device for containing the 
sample, liquid reagents and wash solutions after the 
performance of the sample and reagent incubations and the 
separation of free from bound label. The lack of such a 
fluid receiving zone precludes characterization of such a 

25 dipstick device as self-contained, given that some 
external fluid receptor must be provided to capture used 
sample, unbound labeled reagents and spent wash fluid. 

A class of devices which constitute an improvement 
over the simple dipstick construct is the immunochromato- 

30 graphic test strip device. This class of device generally 
exhibits improved sensitivity in ligand detection relative 
to that of simple dipstick devices by virtue of the ligand 
concentrating effect achieved by the flow of sample con- 
taining the ligand past an immobilized ligand receptor 

35 zone. Such devices also provide a limited fluid receiving 
zone for fluids used in the performance of the assay. A 
fluid receiving zone is created by increasing the length 
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of the porous member to provide a suitable amount of total 
void volume capacity. Such devices are described in U.S. 

Patent Nos. 4,094,647, 4,235,601, 4,361,537, 4,366,241, 
4,435,504, 4,624,929, 4,740,468, 4,756,828, and 4 , 757 , 004 ; 
5 EPO. Appl. Nos. 0 267 006, 0 271 204, and 0 299 428; and 
PCT Appl. No. US86/0668. Even though such immunochromato- 
graphic devices do include a limited fluid receiving zone, 
they do not enable an efficient free/bound label separa- 
tion, since the rate of separation is slow and limited by 

10 the rate at which fluid travels along the length of the 
porous member. Some immunochromatographic devices are so 
limited by the capacity of their fluid zone that no free/ 
bound label separation can be performed; such devices rely 
upon the increase in concentration of label at the immo- 

15 bilized ligand receptor zone to distinguish bound from 
free label. A need exists for a device that is both 
efficient and rapid in performing separation of the free 
from the bound label in an assay. 

A specialized form of an immunochromatographic device 

20 is employed in the method of radial partition immunoassay. 
In this assay method, the sample and labeled reagents are 
carefully applied to the immobilized receptor zone in the 
center of the porous material. The wash fluid is then 
also carefully applied to the immobilized receptor zone 

25 and the unbound label flows radially away from the central 
immobilized receptor zone. Radial partition immunoassay 
devices like the aforementioned immunochromatographic 
devices require that the volume of wash fluid be less than 
the total void volume of the porous member containing the 

30 ligand receptor since it is the void volume of the porous 
member in excess of the volume of the sample which pro- 
vides the necessary additional fluid capacity. Such 
radial partition immunoassay devices are described in U.S. 
Patent Nos, 4,517,288, 4,670,381, 4,752,562, 4,774,174, 

35 and 4,786,606. Devices used for radial partition immuno- 
assay are not generally suitable for the detection of a 
multiplicity of ligands. The usable ligand detection zone 
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necessarily must be relatively small and constrained since 
the physical separation of free and bound labeled species 
is strictly limited by the dimensions of the device and 
the total fluid capacity of the porous member. 
5 Immunochromatographic and radial partition immuno- 

assay devices depend primarily on horizontal separation, 
i.e., along or within the plane of the porous member, of 
the free and bound labeled species in 'order to achieve 
acceptable physical separation of the free from the bound 

10 labeled reagents. A separate class of devices utilizes 
flow of fluid in a direction which is primarily transverse 
to the plane of the porous member. Devices which operate 
in this manner may be generally referred to as "flow- 
through" devices. The absorbent material which consti- 

15 tutes the fluid receiving zone in these devices can either 
be in non-continuous contact with the porous member con- 
taining immobilized receptor as described in U.S. Patent 
Nos. 3,888,629 and 4,246,339 or in continuous contact with 
the porous member as described in U.S. Patent Nos. 

20 4,366,241, 4,446,232, 4,632,901 and 4,727,019, and in EPO. 
Appl. No. 0 281 201. Devices in which the absorber is not 
in continuous contact with the porous member such as 
described in U.S. Patent Nos. 3,888,629 and 4,246,339 
allow the contact of the solutions containing sample 

25 and/or labeled reagents with the porous member to occur 
prior to permitting flow of the labeled reagent solution 
into the fluid absorbent. Since the contact is not con- 
tinuous between the absorber and the porous member, the 
volume of fluid needed to ensure that the porous member is 

30 completely saturated is only the void volume of the porous 
member. Such non-continuous contact devices are inher- 
ently more efficient at utilization of sample and labeled 
reagents and thus by this measure are more cost-effective 
than are continuous contact flow-through devices such as 

35 those described in U.S. Patent Nos. 4,446,232, 4,632,901 
and 4,727,019. The non-continuous contact flow-through 
devices however, have the disadvantage that a physical 
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motion is required by the assayist to bring the separated 
absorber into contact with the porous member and to 
thereby enable the flow of fluid needed for separation of 
free label from bound label. The requirement of direct 
5 mechanical intervention is not desirable from the per- 
spective of ease of use by non-trained users, as it 
introduces a step which may be subject to error. The 
continuous contact flow-through devices eliminate the need 
for active intercession by the user to complete the fluid 

10 contact between the absorber and the porous member, but 
are less efficient in the utilization of costly labeled 
reagents. The flow characteristics of such devices are 
optimized such that fluid flow in the direction transverse 
to the plane of the porous member is preferred. Thus, a 

15 reagent volume substantially greater than the void volume 
of the porous member is required to ensure that the entire 
porous member has been contacted with the solution con- 
taining reagents. Since neither the non-continuous nor 
the continuous contact flow-through devices described in 

20 the prior art are capable of providing a device which 
exhibits the characteristics both of efficient use of 
labeled reagents and of avoiding the need for an addi- 
tional mechanical intercession step, there remains an 
unmet need for a device with such attributes. 

25 The inventive devices herein described are not 

limited to either a flow through or an immunochromato- 
graphic method but rather may be modified to achieve the 
benefits of both by, for example, controlling the place- 
ment of the sample or the design and placement of the 

30 porous and non-absorbent members. In preferred embodi- 
ments reagent flow is primarily tangential to the porous 
membrane while washing reagent flow is primarily trans- 
verse to the membrane and then into the network of capil- 
lary channels. These features distinguish this invention 

35 over the flow-through and immunochromatographic devices of 
the prior art. 
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Control of the rate and path of fluid flow in an 
assay device can be of paramount importance. To achieve 
this end, a number of devices have been described in the 
prior art which use surfaces with specifically arranged 
5 geometric elements to control the path and the rate of 
fluid flow. Devices such as are described in U.S. Patent 

NOS. 3,690,836 and 4,426,451 and EPO. Appl. No. 0 034 049 
utilize an arrangement in which a porous member is placed 
between smooth surfaced planar sheets of a non-absorbent 

10 material in order to contain a fluid within the porous 
material. Devices such as are described in U.S. Patent 
Nos. 4,233,029 and 4,310,399 use geometric arrangements of 
capillary channels to modulate the flow of fluid, such 
that fluid is directed to flow in regular geometric pat- 

15 terns and at controlled rates. A device for controlling 
the delivery of fluid to a porous member using a textured 
surface possessing a surface capillary network is 
described in EPO. Appl. No. 0 239 174. While the devices 
described are suitable for control of fluid flow, they 

20 fail to control fluid flow through a porous member such 
that assay devices can be constructed to make efficient 
use of sample and labeled reagents and to contain a suit- 
able fluid receiving zone for use in achieving a rapid and 
efficient separation of free from bound labeled species in 

25 an assay. Thus remains a need which has been unmet by any 
of the aforementioned architecture-controlled flow 

devices . 

A preferred device for performing ligand-receptor 
assays should not impose the need for mechanical inter- 

30 cession on the assay procedure because this may introduce 
operator error. The inventive devices herein described 
and claimed are efficient in their use of sample and 
costly reagents and provide an adequate fluid receiving 
zone for all liquid reagents, particularly those of the 

35 free/bound separation step in an assay. The devices are 
capable of supporting ligand-receptor assays directed to 
simultaneous detection of a multiplicity of target ligands 



WO 91/13998 



PCT/US91/01349 



9 

and they may be used in ligand -receptor assay formats 
which are analogous both to those of flow-through assays 
and to those of immunochromatographic assays. 

One advantage of the devices herein described is the 
5 efficient use of reagents while incurring a minimum number 
of steps in the assay protocol. The device allows one to 
use a large porous membrane and to cover it with multiple 
ligand receptor zones, because it ensures that the sample 
will flow over and cover the entire membrane. This is 

10 accomplished without the need for either large sample 
volumes or mechanical action. Another advantage of this 
invention is the non-absorbent member. When an excess 
volume of fluid is added, the network of capillary chan- 
nels formed by the contact of the porous member and the 

15 non-absorbent member ensures washing efficiency by direct- 
ing flow away from the porous member, thereby assuring 
good separation of free from bound labeled conjugate. In 
one embodiment the inventive device can be employed in 
assays using flow-through methods. In another embodiment 

20 the described device can perform assays using immuno- 
chromatographic methods. Further, the devices of the 
present invention efficiently perform the task of 
separating free labeled species from bound labeled 
species, a pivotal requirement for heterogeneous ligand- 

25 receptor assay methods. 

s q™ ma 7T of Invention 

The present invention is directed to an apparatus 
particularly useful for performing a ligand-receptor assay 
in which it is necessary to separate free from bound 

30 labeled reagents. In general, the devices are useful in 
situations where it is desirable to remove label not com- 
plexed to immobilized binding agent from label which is 
complexed to binding agent. The apparatus of the present 
invention includes, a porous member such as a membrane or 

35 a filter onto which may be bound a multiplicity of binding 
agents, such as an antibody, preferably a monoclonal 
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antibody against the target ligand (Figs. 1 and 2). The 
apparatus also includes a non-absorbent member with a 
textured surface in communication with the lower surface 
of the porous member. The textured surface of the non- 
5 absorbent member may be a grooved surface such as the 
surface of a record or it may be composed of channels, 
such that when the porous and non-absorbent members are 
brought into contact with one another a network of capil- 
lary channels is formed. The capillary network is formed 

10 from the contact of the porous member with the textured 
surface of the non-absorbent member and can be constructed 
either before or subsequent to the initial contacting of 
the porous member with a fluid. In some embodiments, the 
capillary communication between the porous member and the 

15 non-absorbent member favors delaying the transferral of 
fluid from the porous member to the capillary network 
formed by the porous member and the textured surface of 
the non-absorbent member until the volume of the added 
fluid substantially exceeds the void volume of the porous 

20 member. The transferral of fluid from the porous member 
to the network of capillary channels formed by the porous 
member and the textured surface of the non-absorbent mem- 
ber, occurs without the use of external means to induce 
fluid transference including but not limited to positive 

25 external pressure, vacuum, or contact with an absorbent 
material. The devices of the present invention may also 
include an optional member which is placed in contact with 
the upper surface of the porous member and may be used to 
partition the upper surface of the device into discrete 

30 openings. Such openings can access either the porous 
member or the textured surface of the non-absorbent second 
member. The optional member can in conjunction with the 
non-absorbent member compose a fluid receiving zone in 
which there is no intervening porous member. A fluid 

35 receiving zone constructed from the non-absorbent member 
and the optional member provides fluid capacity in addi- 
tion to that provided by the network of capillary channels 
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created by the contact of the porous member and the non- 
absorbent member. The openings in the optional member may 
include a first fluid opening and also an additional fluid 
opening. The first fluid opening functions as a portal 
5 for the introduction of the first fluid added to the 
device. The additional fluid opening serves as an addi- 
tional portal through which additional fluids may be added 
to the inventive device. 

The first fluid added to the device is the sample. 

10 Depending on the structure of the assay protocol, the 
sample may include but is not limited to sample-derived 
target ligand, labeled ligand analogue conjugate, labeled 
ligand receptor conjugate, ligand receptor, binding agent, 
free/bound label separation reagents and/or elements of 

15 the signal development system. Additional fluids added to 
the device may contain the remaining reagents necessary to 
complete the assay procedure. Additional fluid reagents 
depending on the assay protocol may include but are not 
limited to specimen-derived target ligand, labeled ligand 

20 analogue conjugate, labeled ligand receptor conjugate, 
ligand receptor, binding agent, free/bound separation 
reagents and/ or elements of the signal development system. 
Depending on the structure of the assay protocol several 
additional fluid reagents may be needed to complete the 

25 assay procedure with the composition of successive addi- 
tional fluid reagents varied as appropriate to the assay 
protocol . 

An assay using the devices of this invention com- 
prises in part the steps of adding a volume of the sample 

30 to the porous member, where the sample permeates the void 
volume of the porous member and thereby contacts the 
ligand receptor immobilized on the porous member. In a 
non-competitive ligand receptor assay the sample contain- 
ing a target ligand is applied to the porous member and 

35 the target ligand is bound by the ligand receptor which is 
non-diffusively immobilized on the porous member. Labeled 
second ligand receptor is then added as an additional 
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fluid and binds to the complex of ligand and immobilized 
first ligand receptor. Alternatively labeled second 
ligand receptor can be combined with the target ligand to 
form the sample prior to application of the sample to the 
5 porous member so that the binding of labeled second ligand 
receptor to target ligand occurs prior to the binding of 
target ligand to first ligand receptor immobilized on the 
porous member. Alternatively, the target ligand, labeled 
second ligand receptor and first ligand receptor are com- 

10 bined and the complex of first ligand receptor/target 
ligand/labeled second ligand receptor binds to a binding 
agent that is either combined with these reagents or is 
immobilized on the porous member. An additional fluid 
containing reagents to effect a separation of free from 

15 bound labeled reagents may be added to remove excess 
ligand and excess labeled second ligand receptor, if 
needed. This device is designed to provide sufficient 
sensitivity to measure low concentrations of target ligand 
because one can use large amounts of sample and effi- 

20 ciently remove the excess of either of both target ligand 
and labeled second ligand receptor. Indeed, the efficient 
separation of free from bound label achieved by the net- 
work of capillary channels of this device improves the 
discrimination of specific ligand associated signal over 

25 non-specific background signal. If needed, a signal 
developer solution is then added to enable the label of 
the labeled second ligand receptor to develop a detectable 
signal. The signal developed may then be related to the 
concentration of the target ligand within the sample. In 

30 a preferred embodiment, the transfer of fluid between the 
porous first member of the device and the network of 
capillary channels formed by the contact of the porous 
member and textured surface of the non-absorbent second 
member of the device is generally self -initiated at the 

35 point when the total volume of fluid added to the device 
exceeds the void volume of the porous member, thus obviat- 
ing the need for active interaction by the user to remove 
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excess fluid from the analyte detection zone. The point 
at which the fluid transfer is initiated is dependent upon 
the objectives of the assay. Normally, it is desirable to 
contact the sample with all of the zones on the porous 
5 member which contain immobilized receptor so that the 
application of additional fluid effects the separation of 
unbound label from label which has bound to the porous 
member. 

A competitive ligand receptor assay may be performed 

10 using the devices of the present invention by adding a 
sample containing the target ligand and labeled ligand 
analogue conjugate to ligand receptor immobilized on the 
porous member. Labeled ligand analogue conjugate and 
target ligand compete for the binding sites of the ligand 

15 receptor. Alternatively, ligand receptor may be combined 
with target ligand and labeled ligand analogue with sub- 
sequent immobilization of ligand receptor onto the porous 
member through contact with a binding agent. An addi- 
tional fluid to separate the free from bound label may be 

20 added to the device, followed if needed by a signal 
development solution to enable detection of the label of 
the labeled ligand analogue conjugate which has complexed 
with ligand receptor immobilized on the porous member. The 
amount of labeled ligand analogue conjugate bound to the 

25 porous member is related to the concentration of target 
ligand in the sample. The fluid transfer between the 
porous member and the network of capillary channels formed 
by the contact of the porous member and the textured 
surface of the non-absorbent second member is generally 

30 self -initiated when substantially all the void volume of 
the porous member has been filled with fluid. The method 
of the present invention thereby enables the detection of 
analytes in a manner which is simple, rapid, convenient, 
sensitive and efficient in the use of labeled reagents. 
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pyief Description of the D rawings 

FIG. 1 is an enlarged top view of an apparatus for 
performing an immunoassay in accordance with the present 
invention, 

5 FIG. 2 is a section view, on an enlarged scale, of 

the apparatus represented in FIG. I. 

FIG. 3 is an enlarged perspective view of a textured 
surface with a single set of linear channels. 

FIG. 4 is an enlarged perspective view of a textured 
10 surface composed of two sets of channels with equal 
channel widths. 

FIG. 5 is an enlarged perspective view of a textured 
surface composed of two sets of channels with dissimilar 
channel widths. 

15 FIG. 6 is an enlarged top view of a device with a 

porous member over a textured surface non-absorbent 
member. 

FIG. 7 is a section view, on an enlarged scale, of 
the device represented in FIG. 6. 

20 FIG. 8 is an enlarged top view of a device with a 

porous member between a textured surface non-absorbent 
member and an optional member in which the sample is added 
to the device via a first fluid opening in which the 
porous member exposed by the first fluid opening cannot 

25 form a capillary network with the textured surface of the 
non-absorbent second member and an additional fluid open- 
ing in which the porous member exposed by the additional 
fluid opening forms a network of capillary channels with 
the textured surface of the non-absorbent member. 

30 FIG. 9 is a section view, on an enlarged scale, of 

the device represented in FIG. 8. 

FIG. 10 is an enlarged top view of a device with a 
porous member between a textured surface non-absorbent 
member and an optional member in which the sample is added 

35 via a first fluid opening such that the textured surface 
exposed by the first fluid opening cannot form a capillary 
network with the porous first member and an additional 
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fluid opening in which the porous member exposed by the 
additional fluid opening forms a network of capillary 
channels with the textured surface of the non-absorbent 
member. 

5 FIG. 11 is a section view, on an enlarged scale, of 

the device represented in FIG. 10. 

Definitions 

As used throughout, the following terms shall be 
defined: 

10 Binding Agent : a substance which is capable of 

binding by chemical, physical or immunological means to 
the ligand of diagnostic interest or a ligand receptor 
therefor. 

Porous Member : a member of the device composed of a 
15 porous material used to provide the solid phase support 
for the binding agent. 

Void Volume : the volume of space within the porous 
member that can be occupied by fluid. 

Fluid Retentive Forces : forces which retain fluid 
20 within the void volume of the porous member, e.g. surface 
tension. 

Channel : an open groove of capillary dimensions 
(generally less than 0.020 of an inch). 

Capillary Channels : enclosed channel of capillary 
25 dimensions (generally less than 0.20 of an inch). 

Set of Channels : a group of channels identifiable by 
a set of common characteristics, e.g., alignment along a 
common device axis. 

Network of Capill ary Channels: a pattern of capil- 
30 lary channels formed by the contact of the porous member 
and the channels of the textured surface of the nonabsor- 
bent member, networks may be constructed from one or more 

sets of channels. 

Textured Surface : non-absorbent surface capable of 
35 forming a network of capillary channels when the porous 
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membrane is positioned above it. The textured surface may 
be randomly or regularly patterned. 

Textured surface Non-Absorbent Member; a member 
which does not absorb fluid and contains the textured 
5 surface on a portion of its surface. Contact between the 
textured surface of the non-absorbent member and the 
porous member forms the network of capillary channels. 

Optional Member ; an additional member which when 
included in the device permits the upper surface of the 
10 device to be partitioned into discrete openings. 

First Fluid Opening ; an opening in the optional 
member to permit the introduction of the sample into the 
device. 

Additional Fluid Opening ; an additional opening in 

15 the optional member to permit the introduction of addi- 
tional fluids to the device. 

Sample ; the first volume of fluid added to the 
device which may include but is not limited to specimen- 
derived target ligand, labeled ligand analogue conjugate, 

20 labeled ligand receptor conjugate, ligand receptor, bind- 
ing agent, free/bound label separation reagents and/or 
elements of the signal development system. 

Additional Fluid; any additional fluid which must be 
added to the device to complete the assay protocol includ- 

25 ing but not limited to specimen-derived target ligand, 
labeled ligand analogue conjugate, labeled ligand receptor 
conjugate, ligand receptor, binding agent, free/bound 
label separation reagents and/or elements of the signal 
development system. 

30 The invent ive, devices herein described may be used in 

a variety of assay formats, including those described in 
U.S. Pat. App. Ser. No. 295,560 filed January 10, 1989 and 
which is hereby incorporated by reference. In particular, 
as used in the method claims of this application, the 

35 definitions of "ligand," "ligand receptor ,» "ligand 
receptor conjugate" and "ligand analogue" are incorporated 
by reference from App. Ser. No. 295,560. 
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Detailed Description of the Preferred Embodiments 

The device of the present invention uses a porous 
member constructed of a porous material such as a membrane 
or filter. Preferred for use as porous members are fil- 
5 ters or membranes which comprise, in part, materials which 
can allow fluid to enter the void volume of the porous 
material. The void volume of the porous material is the 
volume contained within the dimensional limits of the 
material which may be occupied by fluid. It also should 

10 be noted that these inventive devices may be used with a 
variety of fluids, including liquids and gases. 

In a preferred embodiment of the device, substan- 
tially all of the sample is retained within the confines 
of the porous member prior to fully saturating the void 

15 volume of the porous member. By retaining the sample 
added to the device within the porous membrane until such 
time as the void volume of the porous membrane is substan- 
tially filled, only a minimum volume of sample is required 
so as to ensure that the entirety of the membrane acti- 

20 vated with binding agent has been exposed to the added 
sample. This results in the most efficient use of added 
sample for simultaneously conducting a multiplicity of 
target ligand detection reactions upon the membrane. 
Materials which may therefore be used as the porous member 

25 include materials in which there are operative forces 
which retain fluid within the material, i.e. fluid reten- 
tive forces. Particularly preferred for use as porous 
members are materials in which the fluid retentive forces 
exerted by the porous member on retained fluid are such 

30 that substantially all the void volume of the porous 
material is filled prior to substantial fluid transfer 
between the porous member and the network of capillary 
channels created by the contact of the porous member with 
the textured surface non-absorbent member. Membranes or 

35 filters which may be used include those constructed of 
glass fibers and various synthetic and natural materials. 
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A preferred method for achieving the appropriate 
fluid retentive properties within the porous member is the 
selection of a membrane, characterized by a pore size, 
such that the fluid retentive forces exerted by the mem- 
5 brane are greater than the external forces active on the 
fluid within the membrane. Examples of such external 
forces are the pressure of fluid above the membrane (fluid 
head pressure), gravitational forces on fluid within the 
membrane, the relative degree to which the material may be 
10 characterized as hydrophilic and the capillary forces 
associated with external capillaries or networks of capil- 
laries which are in contact with the membrane. Pore sizes 
for membranes such as nylon membranes, preferred for use 
as porous members are in the range of 0.1 to 30 |m, par- 
15 ticularly preferred for use are membranes with pore sizes 
in the range of 0.2 to 5 jra. When an assay process does 
not require the saturation of substantially all of the 
void volume of the porous member prior to fluid transfer, 
porous materials exhibiting fluid retentive forces that 
20 are less than or equal to the external forces active on 
the fluid within the porous member may be used. Under 
these circumstances porous members such as membranes with 
pore. sizes in the range of 5 to 50 *im are preferred. 

Target ligand is captured upon the porous member. The 
25 capture process may utilize physical entrapment such as 
would occur during filtration in which the target ligand 
is of a size greater than the pore size which character- 
izes the porous member or may occur from the interaction 
of an agent, i.e. a binding agent, which is capable of 
30 binding to the target ligand or the ligand receptor there- 
for. A binding agent such as a ligand receptor may be 
directly or indirectly bound to the porous member. A 
ligand receptor, for example an antibody, may be non- 
diffusively immobilized on the porous member. In a 
35 preferred embodiment, the porous member is a membrane such 
as a nylon membrane upon which ligand receptor is immobil- 
ized, a preferred ligand receptor is an antibody. The 
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antibody may be from a polyclonal antibody preparation, 
though a preferred antibody is a murine monoclonal anti- 
body. The methods for preparation and screening of suit- 
able such murine monoclonal antibodies are well known to 
5 those skilled in the art, see for example, Liu, D. 
Purssell, R. and Levy, J.G. , Clinical Toxicology . 21, 
527-538 (1987) . The murine monoclonal antibody is non- 
diffusively immobilized on the membrane either by covalent 
or non-covalent methods, such methods also are well known 
10 to those skilled in the art, see for example, Pluskal, 
M.G., Przekop, M.B. , Kavonian, M.R., Vecoli, D., Hicks, 
D * A »r BioTachniouag . 4, 272-283 (1986). In a preferred 
embodiment the murine monoclonal antibody is noncovalently 
bound to a nylon membrane. In a particularly preferred 
15 embodiment, the monoclonal antibody is noncovalently 
immobilized in a discrete zone on the nylon membrane. 
Immobilization of a monoclonal antibody in a discrete zone 
on the membrane composing the porous member is particu- 
larly preferred since this permits the surface of the 
20 membrane to be partitioned into a multiplicity of such 
discrete zones of immobilized antibody, the different 
zones containing the same or different antibodies. Each 
discrete antibody zone may be used to complete a discrete 
immunochemical reaction and thereby a number of such 
25 immunochemical reactions may be performed simultaneously. 

In a preferred embodiment of the present invention 
the binding agent, a ligand receptor, is immobilized 
substantially uniformly in a single zone which encompasses 
the entirety, of the porous member. In a further preferred 
30 embodiment, the ligand receptor is immobilized in at least 
one discrete zone upon the porous member so that any such 
discrete zone embodies less than the entirety of the 
porous member. In a particularly preferred embodiment, 
the ligand receptor is immobilized uniformly within one or 
35 more discrete zones. In a further particularly preferred 
embodiment, a multiplicity of ligand receptors are immo- 
bilized in a multiplicity of discrete zones, each zone 
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containing at least one ligand receptor. In a further 
particularly preferred embodiment, the multiplicity of 
discrete zones is at least as great as the multiplicity of 
target ligands to be determined. When a multiplicity of 
5 discrete ligand receptor zones are present, the determina- 
tion of a multiplicity of ligands is then enabled. 

The second element of the present invention is a 
nonabsorbent construct having a surface texture which, 
when in contact with the porous member comprises in part 

10 a network of capillary channels. The surface texture can 
be composed of either regular or irregular geometric 
elements disposed in such a manner to provide channels. 
Sets of channels are formed when a group of channels may 
be characterized by common features such as alignment 

15 along a single axis. The channels form a network of 
capillary channels when the non-absorbent member is in 
contact with the porous member. The network of capillary 
channels may be beneath or around the porous membrane. The 
communication between porous and non-absorbent members is 

20 such that when the fluid volume added to the porous member 
is greater than the void volume of the porous member, 
fluid is transferred from the porous member to the network 
of capillary channels formed by the contact of the porous 
and non-absorbent members. Under some circumstances, the 

25 fluid retentive properties of the porous member permit 
such fluid transfer before the void volume of the porous 
member is substantially saturated. The porous member may 
be disposed relative to the non-absorbent member such that 
a network of capillary channels is formed where the two 

30 members are in contact and the adjacent surfaces of the 
two members are generally parallel. The distance separat- 
ing the porous member and the textured surface of the non- 
absorbent member is such that the surface of the porous 
member adjacent to the textured surface of the second 

35 member completes the formation of a network of capillary 
channels between the two members. Indeed, in assay proto- 
cols in which additional fluids are introduced, the porous 
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and nonabsorbent members may not have to be brought into 
intimate contact at all, provided that the volume of fluid 
used is sufficient to substantially fill the void volume 
of the porous member and provided that the porous and non- 
5 absorbent members are disposed a distance relative to one 
another so that the channels of the non-absorbent member 
are still able to fulfill the function of a fluid receiv- 
ing zone as intended. Preferred as distances separating 
the porous member and the textured surface of the non- 
10 absorbent member are distances less than 0.2 inch. 
Particularly preferred as separation distances between the 
two members forming the network of capillary channels are 
distances of less than 0.1 inch. 

In a preferred embodiment of the non-absorbent mem- 

15 ber, the textured surface is comprised of sets of channels 
forming regular geometric patterns; the channels being 
generally aligned along a single axis and adjoining chan- 
nels being generally parallel (Fig. 3). Within the pre- 
ferred embodiment of the textured surface, fluids are 

20 generally caused to flow along the channels similar to the 
description of such flow as described in U.S. Patent No. 
4,233,029, incorporated by reference herein. In a par- 
ticularly preferred embodiment of the second member, the 
textured surface is comprised of a regular geometric pat- 

25 tern in which two sets of channels are juxtaposed at an 
angle upon the surface of the member, each set of channels 
being generally aligned along its respective single axis, 
with adjoining channels along a single axis being gener- 
ally parallel. A preferred angle for the juxtaposition is 

30 such that the two sets of channels are not collinear. 
Particularly preferred as an angle for the juxtaposition 
of the two sets of channels is an angle substantially 
equal to a right angle (i.e., 90*). In a preferred 
embodiment of a textured surface in which the channels are 

35 juxtaposed at a right angle, the channels are of generally 
the same width so that the geometric pattern created by 
the two sets of channels is that of a pattern of squares 
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(Fig. 4). In a particularly preferred embodiment of a 
textured surface in which the two sets of channels are at 
right angles to one another, the channels are of generally 
dissimilar widths such that the two sets of channels form 
5 a pattern that is a pattern of rectangles (Fig. 5). The 
preferential direction of flow in the anisotropic rectan- 
gular array is generally first along the axis parallel to 
the axis defined by the wider channels and secondarily 
along the axis parallel to the axis defined by the nar- 

10 rower channels. Our research shows that the fluid flow 
patterns for single plates comprised of two sets of 
channels juxtaposed at right angles to one another are 
similar to the fluid flow patterns described for systems 
composed of two generally parallel plates each of which is 

15 comprised of a single set of channels and with such plates 
opposed a distance apart so as to thereby construct a two- 
dimensional arrangement of channels. The flow patterns of 
such two-dimensional arrangements of channels are 
described in the aforementioned U.S. Patent No. 4,233,029, 

20 incorporated by reference herein. 

The third element of the inventive device is com- 
prised of a non-absorbent optional member. The nonabsor- 
bent optional member is placed over the upper surface of 
the porous member. The non-absorbent optional member may 

25 have openings through which fluids are added to the porous 
member. The openings in the optional member serve to par- 
tition the upper surface of the porous member into zones 
onto which fluids may be selectively introduced as appro- 
priate to the specific assay protocol. The first fluid 

30 opening is used to introduce sample onto the porous mem- 
ber. If appropriate to the assay protocol, such as in a 
flow-through type assay, subsequent fluid additions such, 
as a free/bound label separation fluid, may be added 
through the first fluid opening. A second fluid opening 

35 may be included in the optional member if required by the 
assay protocol, such as in an immunochromatographic assay, 
to permit the introduction of additional fluids, such as 
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fluids containing elements of the signal development 
system, onto portions of the porous member separate from 
the location at which sample is introduced. The nonabsor- 
bent optional member may optionally include a textured 
5 surface similar in nature to that of the textured surface 
non-absorbent member. The third element in combination 
with the non-absorbent member also may form a chamber 
containing the porous member. In cases where the sample 
is a gas, the gas may be injected into the chamber con- 

10 taining the porous member such that the sample is passed 
over and through the porous member and out of the chamber. 

The network of capillary channels formed by the 
contact of the porous member and the textured surface of 
the textured surface non-absorbent member serves as the 

15 primary fluid reservoir of the inventive device. Addi- 
tional fluid reservoir capacity can be provided by space 
within the inventive device enclosed by the combination of 
the textured surface non-absorbent member and the non- 
absorbent optional member. In a preferred embodiment of 

20 the inventive device the additional fluid reservoir capa- 
city is provided by the space enclosed by the textured 
surface non-absorbent member and the non-absorbent 
optional member and where within such an enclosed space 
there is no porous member intervening between the two 

25 nonabsorbent members. 

In a preferred embodiment of the inventive device, 
the device comprises in part a porous member and a tex- 
tured surface non-absorbent member (Fig. 6 and 7). In a 
particularly preferred embodiment of the inventive device, 

30 the device comprises in part a porous member, a textured 
surface non-absorbent member and a non-absorbent optional 
member with a first fluid opening over the medial portion 
of the porous member. Sample is introduced onto the por- 
tion of the porous member exposed by the first fluid open- 

35 ing in the non-absorbent optional member. Once intro- 
duced, the sample is allowed to spread or wick over and 
into the porous member and is thereby induced to interact 
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with ligand receptor which is non-dif fusively immobilized 
upon the porous member. The non-absorbent member of the 
inventive device includes a textured surface comprising 
sets of channels. The sets of channels form a network of 
5 capillary channels when the non-absorbent member is 
brought into contact with the porous member. Such contact 
may be initiated before or subsequent to the initial sam- 
ple introduction step. The network of capillary channels 
formed by the contact of the porous member with the non- 
10 absorbent member provides a fluid receiving zone into 
which fluid may be trans f erred from the porous member. The 
network of capillary channels formed between the porous 
member and the non-absorbent member is capable of initi- 
ating fluid transfer between the porous member and the 
15 non-absorbent member without the need for application of 
additional external means to induce fluid transfer such as 
pressure or vacuum. 

In a further particularly preferred embodiment, the 
device of the present invention comprises in part a tex- 
20 tured surface non-absorbent member, a porous member, and 
a non-absorbent optional member with a first fluid opening 
and an additional fluid opening. The first fluid opening 
is located at an extremity of the porous member. The 
additional fluid opening is located above the medial por- 
25 tion of the porous member. Sample is added to the device 
through the first fluid opening and is allowed to spread 
or wick over and into the porous member and is thereby 
induced to interact with ligand receptor which is non- 
diffusively immobilized upon the porous member. Addi- 
30 tional fluid as required by the assay protocol is added to 
the device via the additional fluid opening and then 
spreads over and into the porous member and thereby 
completing the assay. 

In a further preferred embodiment, the device of the 
35 present invention comprises in part a textured surface 
non-absorbent member and a porous member which, while in 
contact with the textured surface of the non-absorbent 
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member includes an extremity of the porous member which 
extends beyond the perimeter of the textured surface of 
the non-absorbent member. In a further particularly 
preferred embodiment, the device of the present invention 
5 comprises in part a textured surface non-absorbent member, 
a non-absorbent optional member with a first fluid opening 
and an additional fluid opening, and a porous member 
which, while in contact with the textured surface of the 
non-absorbent member includes an extremity of the porous 

10 member which extends beyond the perimeter of the textured 
surface of the non-absorbent member (rig. 8 and 9) . The 
first fluid opening is located above the extremity of the 
porous member which protrudes beyond the perimeter of the 
textured surface of the non-absorbent member. The portion 

15 of the porous member which protrudes beyond the perimeter 
of the textured surface of the non-absorbent member does 
not participate in the formation of a network of capillary 
channels such as is the result of the contact of the 
porous member and textured surface non-absorbent members. 

20 The first fluid opening is constructed so as to constrain 
the sample added through the first fluid opening to tra- 
verse the porous member and to remain substantially within 
the confines of the porous member so long as the combined 
volumes of sample plus additional fluid added do not sub- 

25 stantially exceed the void volume of the porous member. 
In a particularly preferred embodiment of the device the 
lower surface of the porous member which protrudes beyond 
the textured surface is sealed so that fluid is unable to 
pass through that surface. By such constraints upon fluid 

30 flow in the porous member, sample added to the first fluid 
opening is induced to travel within the porous member in 
a sequential manner, initiating at the porous member below 
the first fluid opening and progressing to a region of the 
porous member distal to the first fluid opening. The 

35 additional fluid opening is located above the medial por- 
tion of the porous member and permits additional fluid to 
be added to the device as required by the assay protocol. 
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Additional fluid introduced through the additional fluid 
opening is allowed to spread over the porous member such 
that flow of such fluids added to the device through the 
additional fluid opening is not constrained to flow solely 
5 within the porous member but may include fluid flow along 
the outer surface of the porous member. In a further par- 
ticularly preferred embodiment of the device, the total 
fluid receiving capacity of the device is increased by the 
volume associated with the space enclosed by the nonabsor- 
10 bent member and the optional member in which the porous 
member does not intrude. 

In a further embodiment, the device of the present 
invention comprises in part a porous member and a textured 
surface non-absorbent member with a portion of the tex- 
15 tured surface which extends beyond the perimeter of the 
porous member. In a preferred embodiment, the device 
comprises in part a porous member, a textured surface 
nonabsorbent member with an extremity of the textured 
surface which extends beyond the perimeter of the porous 
20 member and an optional member with a first fluid intro- 
duction opening located over the portion of the textured 
surface of the non-absorbent member which extends beyond 
the perimeter of the porous member. Sample is added to 
the device through the first fluid opening in the optional 
25 member and is allowed to spread over and along the tex- 
tured surface underlying the first fluid opening. The 
extremity of the textured surface of the non-absorbent 
member is not overlaid by the porous member so that when 
the porous member and textured surface of the nonabsorbent 
30 members are brought into contact thereby forming a network 
of capillary channels in the region in which the two mem- 
bers overlap, the extremity of the textured surface does 
not become part of such a network. The sample added tra- 
verses the extremity of the textured surface of the non- 
35 absorbent member originating at the first fluid opening 
and progressing to the region of the network of capillary 
channels where the non-absorbent member is contiguous with 



WO 91/13998 



PCT/US91/01349 



27 

the porous first member. Initiating at the juncture where 
the textured surface of the nonabsorbent member conjointly 
forms a network of capillary channels due to contact with 
the porous member, sample flow either along the network of 
5 capillary channels or through the porous member is 
affected by the relative strengths of the fluid retentive 
forces exerted upon by the sample by the network of capil- 
lary channels and by the porous member. With an aqueous 
sample for example, if the porous member is relatively 

10 more fluid retentive than is the network of capillary 
channels then sample will prefer to flow within the porous 
member; conversely, if the porous member is relatively 
less fluid retentive than the network of capillary chan- 
nels sample flow will occur primarily within the network 

15 of capillary channels. Given that the fluid retentive 
forces favor the retention of sample within the porous 
member, subsequent to sample flow within the network of 
capillary channels, sample initially contained within the 
network of capillary channels is spontaneously transferred 

20 from the network of capillary channels to the porous mem- 
ber. The volume of such sample transfer from the network 
of capillary channels to the porous member is limited by 
the void volume of the porous member. 

In a further preferred embodiment the device com- 

25 prises in part a porous member, a textured surface non- 
absorbent member with an extremity of the textured surface 
which extends beyond the perimeter of the porous member 
and an optional member with a first fluid introduction 
opening located over the portion of the textured surface 

30 of the non-absorbent member which extends beyond the 
perimeter of the porous member, and an additional fluid 
opening located over the medial portion of the porous 
member (Fig. 10 and 11) . Sample is introduced to the 
device through the first fluid opening onto the portion of 

35 the textured surface which extends beyond the limits of 
the porous member. Sample then travels along the channels 
of the textured surface until reaching the portion of the 
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textured surface which due to contact between the textured 
surface and the porous member forms the network of capil- 
lary channels. Sample then flows within the network of 
capillary channels or within the porous member according 
5 to the relative strengths of the fluid retentive forces of 
the respective device components and given that the fluid 
retentive forces favor transfer of sample to the porous 
member, sample initially contained within the network of 
capillary channels is spontaneously transferred from the 
10 network of capillary channels to the porous member. Addi- 
tional fluid, if required by the assay protocol, is intro- 
duced to the device through the additional fluid opening 
and when the total volume of fluid added to the device 
substantially exceeds the void volume of the porous mem- 
15 ber, fluid transfer is spontaneously initiated such that 
the fluid in excess of the void volume of the porous 
member is transferred to the network of capillary chan- 
nels. In a further particularly preferred embodiment of 
the device, the total fluid receiving capacity of the 
20 device is increased over that of the network of capillary 
channels by the volume associated with the space enclosed 
by the non-absorbent member and the optional member in 
which the porous member does not intrude. 

In the method of the present invention the sample is 
25 the first fluid added to the inventive device. Depending 
on the construction of the assay method, the sample is 
comprised in part of some or all of the following, ligand 
receptor, binding agent, specimen-derived target ligand, 
labeled ligand analogue conjugate, labeled ligand receptor 
30 conjugate, free/bound label separation reagents and/or 
elements of the signal development system. Additional 
fluids added to the device may contain the remaining 
reagents necessary to complete the assay procedure. 
Additional fluid reagents depending on the protocol of the 
35 assay method may include but are not limited to ligand 
receptor, specimen-derived target ligand, labeled ligand 
analogue conjugate, labeled ligand receptor conjugate, 
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ligand receptor, binding agent, free/bound separation 
reagents and/or elements of the signal development system. 
Depending on the structure of the assay protocol several 
additional fluid reagents may be needed to complete the 
5 assay procedure with the composition of successive addi- 
tional fluid reagents varied as appropriate to the assay 
protocol. For example in a competitive ligand-receptor 
assay the sample is comprised in part of specimen-derived 
target ligand and labeled ligand analogue conjugate. 

10 Alternatively, in a displacement competitive ligand 
receptor assay in which the porous member contains immo- 
bilized ligand receptor already complexed with ligand 
analogue conjugate, the sample is comprised in part of 
specimen-derived target ligand; whereas in a sequential 

15 displacement competitive ligand-receptor assay the sample 
may be comprised in part of ligand analogue conjugate and 
specimen-derived target ligand may be added to the device 
not as sample but as an additional fluid. 

In a sequential non-competitive assay method for 

20 example, the sample is comprised in part of specimen- 
derived target ligand. Additional fluid may be comprised 
in part of labeled ligand receptor conjugate. Further 
additional fluids may be either separately or in combina- 
tion comprised in part of free/bound label separation 

25 reagents and elements of the signal development system. If 
the assay is a simultaneous non-competitive method, then 
the sample may be comprised in part of specimen-derived 
target ligand and labeled ligand receptor conjugate. 
Alternatively the sample may be a combination of specimen- 

30 derived target ligand, first ligand receptor, and labeled 
second ligand receptor conjugate. A binding agent may be 
included to promote immobilization of target ligand or 
first ligand receptor and their complexes on the porous 
member. Here too, further additional fluids required by 

35 the assay method may be comprised of for example free/ 
bound label separation reagents and/or elements of the 
signal development system. 
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In a further preferred embodiment of the inventive 
device, a competitive ligand- receptor method of the 
present invention comprises adding sample to the porous 
member through a first fluid opening located over the 
5 medial portion of the porous member. The sample contain- 
ing specimen-derived target ligand and labeled ligand 
analogue is allowed to spread over and into the exposed 
surface of the porous member and is thereby induced to 
interact with the ligand receptor non-dif fusively immo- 

10 bilized upon the porous member. In a preferred embodiment 
of the inventive device, the ligand receptor is immobil- 
ized substantially uniformly in a single zone encompassing 
the entirety of the porous member. In a particularly pre- 
ferred embodiment, the ligand receptor is immobilized in 

15 at least one discrete zone upon the porous member. In a 
further particularly preferred embodiment, a multiplicity 
of ligand receptors are immobilized in a multiplicity of 
discrete zones each zone containing at least one ligand 
receptor. In a further particularly preferred embodiment 

20 the multiplicity of the discrete zones of ligand receptors 
is at least as great as the multiplicity of discretion 
ligands to be determined. A competition is permitted to 
occur between target ligand and labeled ligand analogue 
conjugate for the limited binding sites of the immobilized 

25 ligand receptor. When the total volume of fluid added to 
the device is at least sufficient to substantially fill 
the void volume of the porous member the fluid in excess 
of that amount is spontaneously transferred between the 
porous member and the network of capillary channels 

30 created by the contact of the porous member with the 
textured surface of the non-absorbent member. The trans- 
fer of fluid between the porous and non-absorbent members 
facilitates the separation of the labeled ligand analogue 
conjugate which has complexed with the ligand receptor 

35 immobilized on the porous member from the labeled ligand 
analogue conjugate which did not complex with the ligand 
receptor immobilized on the porous member. The results of 
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the assay are then judged by the determination of the 
presence or absence of labeled ligand analogue conjugate 
within an immobilized ligand receptor zone. When a mul- 
tiplicity of such discrete ligand receptor zones are 
5 present, one can use the devices to simultaneously detect 
or quantify more than one target ligand of interest. In 
a further preferred embodiment, if required by the assay 
protocol, additional fluid which may be comprised in part 
of either or both of free/bound separation solution or 
10 elements of the signal development system is added to the 
device through a fluid opening. 

In another preferred embodiment of the inventive 
device, the assay method of the present invention may be 
accomplished as a sequential displacement competitive 
15 ligand-receptor protocol. A sample comprised in part of 
a labeled ligand analogue conjugate is added through the 
first fluid opening and allowed to interact with the 
ligand receptor immobilized upon the porous member. An 
additional fluid comprised in part of specimen-derived 
20 target ligand is added to the device through an additional 
fluid opening and allowed to displace labeled ligand 
analogue conjugate which has complexed to the ligand 
receptor immobilized upon the porous member. When the 
total volume of fluid added to the device is at least 
25 sufficient to substantially fill the void volume of the 
porous member the fluid in excess of that amount is 
spontaneously transferred between the porous member and 
the network of capillary channels created by the contact 
of the porous member with the textured surface of the non- 
30 absorbent member. The assay results are then determined 
by judging the amount of labeled ligand analogue conjugate 
within a ligand receptor zone which has not been displaced 
by specimen-derived target ligand. When a multiplicity of 
such discrete ligand receptor zones are present, it is 
35 possible to detect or quantify one or more target ligands. 

In a further embodiment of the present invention, an 
immunochromatographic method of the present invention 
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comprises adding a sample to the inventive device via the 
first fluid opening where such opening is located above an 
extremity of the porous member. The extremity of the 
porous member is located such that it extends beyond the 
5 perimeter of the textured surface of the non-absorbent 
member of the inventive device. The sample is comprised 
in part of specimen-derived target ligand and labeled 
ligand analogue conjugate which undergo a competition for 
the limited number of binding sites associated with ligand 

10 receptor immobilized on the porous member. In a particu- 
larly preferred embodiment of the method, the lower sur- 
face of the porous member which extends beyond the tex- 
tured surface is sealed so that sample is unable to pass 
through that surface. The sample traverses the porous 

15 member confined substantially within the porous structure, 
originating at a zone proximal to the point of initial 
sample introduction and progressing to a region of the 
porous member distal to the point of sample introduction. 
Labeled ligand analogue conjugate and specimen derived 

20 ligand within the sample compete for ligand receptor non- 
diffusively immobilized upon the porous member during 
traversal of the porous member. In a preferred embodiment 
of the invention, the ligand receptor is immobilized sub- 
stantially uniformly throughout the entirety of the first 

25 member. In a particularly preferred embodiment, the 
ligand receptor is immobilized uniformly within one or 
more discrete zones along the path of sample traversal. 
In a further particularly preferred embodiment a multi- 
plicity of ligand receptors are immobilized in a multi- 

30 plicity of discrete zones each zone containing at least 
one ligand receptor. In a further particularly preferred 
embodiment, the multiplicity of the discrete zones of 
ligand receptors is at least as great as the multiplicity 
of discrete ligands to be determined. Consequent to 

35 traversal of the porous member by the sample, a volume of 
free/bound label separation solution is added to the 
medial portion of the porous member via an additional 
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fluid opening to effect the separation of unbound labeled 
ligand analogue conjugate from labeled ligand analogue 
conjugate bound to the ligand receptor immobilized on the 
porous member. The portion of the porous member beneath 
5 the additional fluid opening is also in contact with the 
textured surface of the non-absorbent member and thereby 
forms a network of capillary channels. When a sufficient 
volume of fluid has been introduced into the device, 
transfer of fluid is spontaneously initiated between the 

10 porous member and the network of capillary channels. In 
a preferred embodiment of the inventive device in which 
the ligand receptor is uniformly immobilized throughout 
the entirety of the porous member the results of the assay 
are judged by a determination of the presence or absence 

15 of labeled ligand analogue conjugate which has become 
immobilized by binding to ligand receptor immobilized on 
the porous member. In a further preferred embodiment in 
which the ligand receptor is bound uniformly throughout 
the entirety of the porous member, the amount of ligand 

20 present in the specimen is related to the length of the 
porous membrane complexed with labeled ligand analogue 
conjugate. In a particularly preferred embodiment of the 
inventive device in which the ligand receptor is immobil- 
ized within a multiplicity of discrete zones, the amount 

25 of ligand within the specimen is related to the number of 
discrete zones within which labeled ligand analogue 
conjugate is detected, such zones lying along the path 
traversed by the fluid sample. The amount of ligand 
contained within the sample can therefore be related 

30 either to the total linear distance complexed with labeled 
ligand analogue conjugate along a chord connecting the 
regions proximal to the sample introduction with the 
region distal to this position when ligand receptor is 
immobilized substantially uniformly throughout the porous 

35 member or may be related to the number of discrete zones 
within which labeled ligand analogue complexed with ligand 
receptor is detected, when ligand receptor is immobilized 
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in a number of such discrete ligand receptor zones . In an 
embodiment in which a multiplicity of ligand receptors are 
immobilized within a multiplicity of discrete receptor 
zones, a multiplicity of target ligands may be detected by 
5 determination of the presence or absence of signal within 
particular ligand specific receptor zones. 

In a further embodiment of the present invention, a 
competitive ligand-receptor method of the present inven- 
tion comprises adding a sample to the porous member of the 

10 device through the first fluid opening, where such a sam- 
ple is comprised in part of ligand receptor, specimen- 
derived target ligand and labeled ligand analogue conju- 
gate. Prior to addition of the sample to the device the 
specimen-derived target ligand and labeled ligand analogue 

15 conjugate have competed for a limited number of binding 
sites on the ligand receptor contained within the sample. 
The sample which is added to the device spreads or wicks 
over and through the porous member . Target ligand and 
labeled ligand analogue conjugate which have not bound to 

20 the ligand receptor within the sample are able to bind 
with ligand receptor immobilized upon the porous member. 
In a preferred embodiment of the invention the ligand 
receptor is immobilized substantially uniformly throughout 
the entirety of the porous member. In a particularly 

25 preferred embodiment, the ligand receptor is immobilized 
uniformly within one or more discrete zones upon the 
porous member. In a further particularly preferred 
embodiment, a multiplicity of ligand receptors are immo- 
bilized in a multiplicity of discrete zones each zone 

30 containing at least one ligand receptor. In a further 
particularly preferred embodiment, the multiplicity of the 
discrete zones of ligand receptors is at least as great as 
the multiplicity of discrete zones to be determined. 
Consequent to incubation of the porous member with the 

35 sample, a volume of free/bound label separation solution 
is added to the porous member via a fluid opening to 
effect the separation of labeled ligand analogue conjugate 
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which has bound to ligand receptor immobilized upon the 
porous member from labeled ligand analogue conjugate which 
has not bound to ligand receptor immobilized on the porous 
member. Transfer of fluid from the porous member to the 
5 network of capillary channels is initiated when the total 
volume of fluid added to the porous member substantially 
fills the void volume of the porous member. In a pre- 
ferred embodiment of the inventive device in which the 
ligand receptor is uniformly immobilized throughout the 

10 entirety of the porous member, the assay results are then 
determined by inspection of the porous member for the 
presence or absence of labeled ligand analogue conjugate 
which has become complexed with immobilized ligand 
receptor upon the porous member. In a particularly 

15 preferred embodiment of the inventive device in which a 
multiplicity of ligand receptors are immobilized within a 
multiplicity of discrete zones, a determination is made of 
which discrete zones have immobilized labeled ligand 
analogue. 

20 In a further preferred embodiment, a non-competitive 

method of the present invention comprises adding a sample 
to the porous member of the device through the first fluid 
opening where such a sample is comprised in part of 
specimen-derived target ligand. The sample is allowed to 

25 spread over and into the porous member exposed by the 
first fluid opening and then into the porous member. 
Target ligand contained in the sample binds to first 
ligand receptor immobilized upon the porous member. In a 
preferred embodiment the f irst 1 igand receptor is 

30 immobilized substantially uniformly throughout the 
entirety of the porous member. In a particularly 
preferred embodiment, the first ligand receptor is 
immobilized in at least one discrete zone upon the first 
member. In a further particularly preferred embodiment a 

35 multiplicity of first ligand receptors are immobilized in 
a multiplicity of discrete zones each zone containing at 
least one ligand receptor. In a further particularly 
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preferred embodiment/ the multiplicity of the discrete 
zones is at least as great as the multiplicity of target 
ligands to be determined. After allowing the target 
ligand to bind to the immobilized first ligand receptor, 
5 additional fluid containing labeled second receptor 
conjugate is added to the device through the additional 
fluid opening. The labeled second receptor conjugate 
binds to target ligand which has become* immobilized upon 
the porous member by complexation with immobilized first 

10 ligand receptor. Labeled second receptor conjugate which 
has not bound to target ligand immobilized on the porous 
member is removed by adding free/bound label separation 
solution to the device through the additional fluid 
opening. Fluid transfer occurs between the porous member 

15 and the network of capillary channels formed by the 
contact of the porous member with the textured surface of 
the non-absorbent member and serves to separate porous 
member bound second receptor conjugate from unbound second 
receptor conjugate. If necessary, additional fluid 

20 containing elements of the signal development system is 
added to the device to enable the detection of signal from 
the label of the bound labeled second receptor conjugate. 

In a further preferred a non-competitive method of 
the inventive device in which sample comprises in part 

25 target ligand that may be derived from cellular material 
or maybe adsorbed to particulate binding agents, ligand 
detection is accomplished by physical entrapment of par- 
ticulates (e.g. latex particles), by the porous member. 
The method comprises adding a sample to the porous member 

30 of the device through a first fluid opening. The sample 
is allowed to spread over the surface of the porous member 
exposed by the first fluid opening and then into the 
porous member. Target analyte contained within the sample 
is physically retained by entrapment upon the surface and 

35 within the pores of the porous member. Following the 
physical immobilization of target ligand upon the porous 
member, additional fluid containing labeled receptor 



WO 91/13998 



PCT/US91/01349 



37 

conjugate is added to the device through the additional 
fluid opening. The labeled receptor conjugate binds to 
target ligands captured by the porous member. Labeled 
receptor conjugate which has not bound to target ligand 
5 immobilized on the porous member is removed by adding 
free/bound label separation solution to the device through 
the additional fluid opening. Fluid transfer between the 
porous member and the network of capillary channels formed 
by the contact of the porous member and the textured 

10 surface of the non-absorbent member serves to separate 
bound labeled receptor conjugate from unbound receptor 
conjugate. If necessary, an additional fluid containing 
elements of the signal development system is added to the 
device to enable detection of the signal from the label of 

15 the porous member immobilized labeled receptor conjugate. 

The invention has been described in detail with 
particular reference to the above embodiments. It will be 
understood, however, that variations and modifications can 
be effected within the spirit and scope of the invention. 

20 Example 1 

Preparation of Estrone-3-Glucuron- ( 2-Amino-A-Thiolbutanoic 
Acid Thiolactonel -Amide fE3G-HCTL1 

77 mg (1.7 x 10" 4 mol) of estrone-3-glucuronide (E3G) , 
29 mg (1.9 x 10* 4 mol) of homocysteine thiolactone hydro- 

25 chloride, and 0.015 ml (1.9 x 10" 4 mol) of pyridine were 
dissolved in 0.47 mL of dimethyl formamide. This mixture 
was added to a solution containing 30 mg (1.9 x 10' 4 mol) 
dicyclohexylcarbodiimide in 0.23 mL of dimethyl formamide. 
The flask was purged with argon, sealed and stirred at 

30 25 *C for three hours. The insoluble precipitate was 
filtered and the solvent removed in vacuo . The residue 
was resuspended in 0.4 mL of an ethanol/water (15:12 v/v) 
solution and the insoluble precipitates removed 
by filtration. 

35 The crude reaction mixture was then dissolved in 0.5 

mL of an ethanol/water (15:12 v/v) solution and applied to 
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a C18 HPLC column (1 cm x 25 cm) equilibrated with a 1:9 
mixture methanol/water using a flow rate of 2.0 mL/min. 
The compound was eluted with a gradient ramping from a 1:9 
mixture of methanol/water to a 1:1 mixture of methanol/ 
5 water in eight minutes, and was then ramped to a solution 
of 100% methanol in an additional 20 minutes. E3G-HCTL 
eluted between 25 and 27 minutes. The fractions contain- 
ing product were combined and the solvents were removed 
in vacuo . 63 mg of E3G-HCTL were recovered. 

10 Preparation of Morphine-Bovine Ser um Albumin Conjugate 

Seventy-five til of a solution containing 20 mg of 
SMCC (Pierce) in 1 mL of acetonitrile was added to 1.9 ml 
of 20 mg/mL bovine serum albumin in 0.1 M potassium 
borate , 0.1 M potassium phosphate , 0.15 M sodium chloride, 

15 pH 7.5. The solution was stirred for one hour at 25 *C, 
then the protein was separated from the unreacted reagent 
by gel filtration chromatography on a column containing 
GH 25 (Amicon Corporation) equilibrated in 0.1 M potassium 
phosphate, 0.02 M potassium borate, 0.15 M sodium chlor- 

20 ide, pH 7.0. The protein fraction was collected. A 
volume of 1.05 mL of 0.12 M potassium hydroxide, 0.6 mM 
EDTA in 30% ethanol was added to 100 ML of 210 mM E3G-HCTL 
in methanol. After five minutes, 1.1 mL of the solution 
was added to 9.2 mL of the bovine serum albumin deriva- 

25 tized with SMCC (6.5 mg/mL) . The solution was stirred for 
two hours at 25 *C, then dialyzed against two changes of 
one liter of 10 mM (2-(N-morpholino) ) ethane sulfonic 
acid, pH 5.0. 

Preparation of E 36-Colloidal Gold Conjugate 
30 Colloidal gold with an average diameter of 45 nm was 

prepared according to the method of Frens, Nature. Physi- 
cal Sciences . 241. 20 (1973). E3G-colloidal gold conju- 
gate was prepared by adding 5.6 mL of 0.1 M (2-(N-morpho- 
lino) ethane sulfonic acid (MES) , pH 5.8, dropwise to 
35 50 ml of colloidal gold with rapid stirring. E3G-BSA 
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conjugate (3 mg/mL in 10 mM MES, 0.02% sodium azide, 
pH 5.8) was added in a bolus to the colloidal gold while 
stirring rapidly. After complete mixing the stirring was 
stopped and the solution incubated for 30 minutes at room 
5 temperature. The addition of 1 mL of BSA (3 mg/mL in 
10 mM MES, 0.02% sodium azide, pH 5.8) with mixing and a 
five-minute incubation followed. Polyethylene glycol 
(average molecular weight « 20,000) was added in a 1% 
solution (0.59 mL) and mixed. The colloidal gold was sub- 

10 jected to centrifugation at 27,000 g for 12 minutes at 4°C 
to pellet it. The supernatant was removed and the pellet 
was washed twice with 35 mL of 10 mM potassium phosphate, 
0.01% polyethylene glycol, 0.02% sodium azide, pH 7.0, by 
resuspending it and subjecting it to centrifugation as 

15 described. After the final centrifugation, the pellet was 
resuspended in 0.5 mL of the buffer and stored at 4*C. 

Construction of Device and Demonstration of Free/Bound 

Conjtwate Separation 

A nylon membrane (Pall Immunodyne 0.65 urn) was 

20 laminated to the underside of an 0.020 inch styrene sheet 
with a small 0.10" X 1.1" rectangular first fluid opening 
die-cut into the center. A monoclonal antibody against 
E3G was covalently bound to the activated nylon membrane 
as a series of three 0.6 fiL spots equally spaced within 

25 the first fluid opening using the following protein 
coupling procedure; 1 M P0 4 , 100 mg/mL tetrazole, 50 mM 
borate, 150 mM NaCl, 1.5 mg/mL antibody, pH 7.4. The 
membrane was blocked with a solution of 1% w/v casein, and 
dried overnight in a desiccator. After drying, the 

30 laminate assembly was placed on an injection molded part 
of a styrene copolymer, which included a series of longi- 
tudinal 90° degree V-shaped channels that were 0.014 
inches wide and 0.007 inches deep. The laminate was then 
ultrasonically spot welded to the injection molded part. 

35 A 60 ML sample of E3G colloidal gold conjugate which 

was not bound to anti-E3G antibody was added to the 
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membrane exposed in the center of the first fluid opening 
and allowed to absorb into the membrane. A 60 pL aliquot 
of E3G colloidal gold conjugate which had been 100% bound 
with anti-E3G antibody was added to the center of the 
5 first fluid opening in another device. In both devices , 
after the conjugate has been absorbed, 100 pi* of an 
aqueous wash solution containing 0.05% Lubrol as a sur- 
factant was added to the membrane exposed in the center 
of the first fluid opening and allowed to flow through the 

10 membrane. Immediately after the washing step, the mem- 
brane of the first device, to which had been applied E3G 
colloidal gold conjugate unbound by anti-E3G antibody, 
formed a series of three distinct red spots with remainder 
of the membrane returning to white. In the case of the 

15 membrane of the second device, which had utilized 100% 
bound E3G colloidal gold conjugate, the entire membrane 
returned to white. This demonstrated that a ligand 
analogue conjugate was bound specifically by immobilized 
ligand receptor in a porous member and that the network of 

20 capillary channels formed between the porous member and 
the textured surface non-absorbent member functioned to 
efficiently wash away any unbound reagents from the porous 
member. 

Example 2 

25 Preparation of Morphine-Al kaline Phosphatase Conjugate 

Three mg (6.9 x 10" 6 mol) of sulfo-SMCC (Pierce) was 
added to 2.2 mL of 4.9 mg/mL alkaline phosphatase in 0.1 M 
potassium phosphate, 0.02 M potassium borate, 0.15 M 
sodium chloride, pH 7.5. The protein solution was stirred 

30 for one hour at 25 *C, then protein was separated from 
unreacted sulfo-SMCC by gel filtration chromatography on 
a column containing 40 iL of GH 25 (Amicon Corporation) 
equilibrated in 0.1 M potassium phosphate, 0.02 M potas- 
sium borate, 0.15 M sodium chloride, pH 7.0. The protein 

35 fraction eluting from the column was collected. E3G-HCTL 
was hydrolyzed by adding 20 /iL of 0 . 12 M potassium 
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carbonate, 0.6 mM EDTA in 40% methanol to 13 ^iL of 48.5 mM 
E3G-HCTL in methanol. The solution stood at 25' C for ten 
minutes, then 30 ML of the solution was added to 250 /xL of 
the alkaline phosphatase derivatized with sulfo-SMCC (3.6 
5 mg/mL) in 0.1 M potassium phosphate, 0.02 K potassium 
borate, 0.15 M sodium chloride, 0.4 mM magnesium chloride, 
pH 7.0. The solution was adjusted to pH 7.0 with 1 N HC1 
and then stirred for 30 minutes at 25 # C.' The protein was 
separated from the unreacted reagents by gel filtration 

10 chromatography as described above. The protein fraction 
was collected and the conjugate was diluted for use in 
assays into a solution containing 1% bovine serum albumin, 
1 mM magnesium chloride, 0.1 mM zinc chloride, 0.1% sodium 
azide, and 10 mM 3-(4-morpholino) propane sulfonic acid, 

15 pH 7.0. 

Construction of Device and Creation of Network of Capil- 
lary Channels Subsequent to Addition of Sample 

A nylon membrane (Pall Immunodyne 0 . 65 fim) was 
laminated to the underside of a 0.020 inch styrene sheet 

20 with a small 0.10" X 1.1" rectangular first fluid opening 
die-cut in the center. A monoclonal antibody against E3G 
was covalently bound to the activated nylon membrane as a 
series of three 0.6 juL spots equally spaced in the first 
fluid opening following the protein coupling procedure; 

25 1 M P0 4 , 100 mg/mL tetrazole, 50 mM borate, 150 mM NaCl, 
1.5 mg/mL antibody, pH 7.4; and then blocked with a solu- 
tion of 1% w/v casein, and dried overnight in a desic- 
cator. After drying, the laminate assembly was positioned 
such that the underside of the membrane was suspended in 

30 air. A 60 /iL aliquot of a conjugate of E3G and. alkaline 
phosphatase which was unbound by anti-E3G antibody was 
added to the membrane exposed in the center of the first 
fluid opening and allowed to be absorbed into the mem- 
brane. In another membrane laminate, 60 fxh of an E3G- 

35 alkaline phosphatase conjugate which had been 100% bound 
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with anti-E3G antibody was added to the center of the 
first fluid opening. 

The laminates were then individually mounted on a 
photo-etched magnesium alloy plate* The plate contained 
5 a series of longitudinal 90* U-shaped channels that were 
0.014 inches wide and 0.007 inches deep. Perpendicular to 
the longitudinal channels were a series of 127* U-shaped 
channels that were 0.028 inches wide and 0.007 inches 
deep. A 100 /*L aliquot of an aqueous wash solution con- 

10 taining 0.05% lubrol as a surfactant was then added to the 
membrane exposed in the center of the first fluid opening 
and allowed to flow through the membrane. This was then 
followed by an addition of 60 pi* of solution containing 
10 mM indoxyl phosphate, a substrate for alkaline phos- 

15 phatase capable of producing a visible color. After two 
minutes, the membrane of the first device, which had 
utilized an E3G-alkaline phosphatase conjugate which had 
been unbound by anti-E3G antibody, formed a pattern of 
three distinct blue spots; whereas the exposed membrane 

20 of the second membrane, which had utilized an E3G-alkaline 
phosphatase conjugate completely prebound to anti-E3G 
antibody, remained white. This demonstrated that the 
network of capillary channels resulting from the contact 
of the porous and textured surface non-absorbent members 

25 can be formed following the initial addition of the sample 
to the porous member. 

Example ? 

Preparation of 3-0- f 2- ( 2-Amino-4-Thiolbutanoic Acid 
Thiolactonel-Acetamidel -Morphine Hydrochloride (Morphine- 
30 HCTL) 

Homocysteine thiolactone hydrochloride (120 mg, 7.8 
x 10" 4 mol) , 62 mg (7.8 x 10* 4 mol) pyridine, and 296 mg 
(7.8 x 10" 4 mol) 3-O-carboxymethylmorphine hydrochloride 
were dissolved in 5 ml dimethyl formamide. Addition of 
35 1 ml of a dimethyl formamide solution containing 177 mg 
(8.6 x 10' 4 mol) dicyclohexylcarbodiimide followed. The 
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flask was purged with argon and the solution stirred at 
25 °C for three hours. The solvent was evaporated under 
vacuum and 20 ml water was added to the residue. The 
solution was stirred for five minutes then the insoluble 
dicyclohexyl urea was filtered. The filtrate was washed 
with 10 ml methylene chloride. The pH of the aqueous 
layer was adjusted to 7 with an aqueous solution of 
saturated potassium carbonate. The aqueous solution was 
extracted six times with 10 ml methylene chloride. The 
combined organic extracts were dried with 2 g magnesium 
sulfate, filtered, and the solvent removed under vacuum. 
Ethanol (20 ml) was added to the residue and evaporated 
under vacuum to remove the pyridine. Ethyl acetate 
(10 ml) was added and insoluble precipitates were fil- 
tered. Ethereal hydrochloric acid (1 M) was added to the 
solution while stirring until the pH was red to litmus. 
The white solid was filtered and washed with ethyl ace- 
tate. The product was dried under vacuum and the yield 
was 316 mg. 

20 Preparation of Morphine-Bovine Serum Albumin Conjugate 

Seventy-five nl of a solution containing 20 mg of 
SMCC (Pierce) in 1 ml of acetonitrile was added to 1.9 ml 
of 20 mg/ml bovine serum albumin in 0.1 M potassium bor- 
ate, 0.1 M potassium phosphate, 0.15 H sodium chloride, 

25 pH 7.5. The solution was stirred for one hour at 25 *C, 
then the protein was separated from the unreacted reagent 
by gel filtration chromatography on a column containing 
GH 25 (Amicon Corporation) equilibrated in 0.1 M potassium 
phosphate, 0.02 M potassium borate, 0.15 M sodium chlor- 

30 ide, pH 7.0. The protein fraction was collected. A 
volume of 0.42 ml of 0.12 M potassium carbonate, 0.6 mM 
EDTA in 40% methanol was added to 4 mg morphine-HCTL. 
After ten minutes, 140 jxl of the solution was added to 
8.2 ml of the bovine serum albumin derivatized with SMCC 

35 (4.6 mg/ml). The solution was stirred for two hours at 
25*C, then dialyzed in two liters of 10 mM (2-(N-morpho- 
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lino)) ethane sulfonic acid, pH 5.0. The dialysis buffer 
was changed twice before collecting the morphine-BSA 
conjugate. 

Preparation o f Morphine -Colloidal Gold Conjugate 
5 Colloidal gold with an average diameter of 45 run was 

prepared according to the method of Frens, Nature. Physi- 
cal Sciences . 241 / 20 (1973). Morphine-colloidal gold 
conjugate was prepared by adding 5.6 ml of 0.1 M 
(2-(N-morpholino) ethane sulfonic acid (MES) , pH 5.8, 

10 dropwise to 50 ml of colloidal gold with rapid stirring. 
Morphine-BSA conjugate (3 mg/ml in 10 mM MES, 0.02% sodium 
azide, pH 5.8) was added in a bolus to the colloidal gold 
while stirring rapidly. After complete mixing the stir- 
ring was stopped and the solution incubated for 30 minutes 

15 at room temperature. The addition of 1 ml of BSA (3 mg/ml 
in 10 mM MES, 0.02% sodium azide, pH 5.8) with mixing and 
a five-minute incubation followed. Polyethylene glycol 
(average molecular weight = 20,000) was added in a 1% 
solution (0.59 ml) and mixed. The colloidal gold was 

20 subjected to centrifugation at 27,000 g for 12 minutes at 
4 # C to pellet it. The supernatant was removed and the 
pellet was washed twice with 35 ml of 10 mM potassium 
phosphate, 0.01% polyethylene glycol, 0.02% sodium azide, 
pH 7.0, by resuspending it and subjecting it to centrifu- 

25 gat ion as described. After the final centrifugation, the 
pellet was resuspended in 0.5 ml of the buffer and stored 
at 4*C. 

Construction of Immunochromatoaraphic Device and 
Demonstration of Immunochromatoqraphic Effect 

30 A nylon membrane (Pall Biodyne C 5.0 /xm) was 

laminated to the underside of a 0.020 inch styrene sheet 
which was die-cut with a small 0.10 inch X 1.10 inch 
additional fluid opening and a 0.10 inch X 0.10 inch first 
fluid opening. A monoclonal antibody against morphine was 

35 immobilized on the membrane by adsorption from a solution 
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containing 1% polyvinyl alcohol 2,000 MW, 50 mM citrate, 
1.17 mg/mL antibody, pH 3.0, and the membrane then blocked 
with a solution of 0.1% w/v casein and 1% polyvinyl alco- 
hol 2,000 MW and then dried overnight in a desiccator. 
5 After drying, the laminate assembly was placed on an 
injection molded part of a styrene copolymer, which 
contained a series of longitudinal 90* V-shaped channels 
that were 0.014 inches wide and 0.007 inches deep. The 
laminate was then ultrasonically spot welded to the 

10 injection molded pari: such that the membrane beneath the 
first fluid opening was not in contact with the textured 
surface of the non-absorbent infection molded part. 

60 aliquot s of a series of Morphine-colloidal gold 
conjugates (relative concentrations of 2, 1.3 and 1) were 

15 then added to the first fluid openings of each of three of 
the devices described above. After the conjugate had 
migrated the entire length of the window, 100 /iL of an 
aqueous wash solution containing 0.05% lubrol as a surfac- 
tant was added to the center of the additional fluid open- 

20 ing and allowed to flow through the membrane. Immediately 
after the completion of the washing step, a red region 
appeared on the membrane within the additional fluid open- 
ing. The length of the red region varied in proportion 
with the concentration of the morphine-colloidal gold 

25 conjugate. This demonstrated that the labeled species in 
the sample can be introduced at one end of the porous 
member and be forced to react with immobilized ligand 
receptor along the porous member. 
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Claims 

1. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

a porous member having an upper and a lower surface, 
5 said sample being applied to said upper surface; and 

a non-absorbent member having a textured surface with 
channels capable of forming a network of capillary chan- 
nels when placed in communication beneath or around said 
porous member, said capillary network substantially paral- 
10 lei to the lower surface of said porous member; 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
non-absorbent member when substantially all the void 
15 volume of said porous member is filled with said sample 
and/or fluids and when contact is made between said porous 
member and said non-absorbent member. 

2 . A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

20 a porous member having an upper and a lower surface, 

said sample being applied to said upper surface; and 
wherein at least one binding agent is directly or 
indirectly bound; and 

a non-absorbent member having a textured surface with 

25 channels capable of forming a network of capillary chan- 
nels when placed in communication beneath or around said 
porous member, said capillary network substantially paral- 
lel to the lower surface of said porous member; 

whereby sample, alone or in combination with other 

30 fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
non-absorbent member when substantially all the void 
volume of said porous member is filled with said sample 
and/or fluids and when contact is made between said porous 

35 member and said non-absorbent member. 
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3. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

a porous member having an upper and a lower surface, 
said sample being applied to said upper surface; and 
5 wherein at least one ligand receptor is directly or 
indirectly bound; and 

a non-absorbent member having a textured surface with 
channels capable of forming a network of capillary chan- 
nels when placed in communication beneath or around said 
10 porous member, said capillary network substantially paral- 
lel to the lower surface of said porous member; 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
15 non-absorbent member when substantially all the void 
volume of said porous member is filled with said sample 
and/or fluids and when contact is made between said porous 
member and said non-absorbent member. 

4. A device for assaying a sample suspected of 
20 containing at least one target ligand comprising: 

a porous member having an upper and a lower surface, 
said sample being applied to said upper surface; and 

a non-absorbent member having a textured surface with 
channels capable of forming a network of capillary chan- 
25 nels when placed in communication beneath or around said 
porous member, said capillary network substantially paral- 
lel to the lower surface of said porous member; 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
30 lary network formed between said porous member and said 
non-absorbent member when the volume of said sample, alone 
or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
made between said porous member and said nonabsorbent 
35 member. 
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5. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

a porous member having an upper and a lower surface, 
said sample being applied to said upper surface; and 
5 wherein at least one binding agent is directly or 
indirectly bound; and 

a non-absorbent member having a textured surface with 
channels capable of forming a network of capillary chan- 
nels when placed in communication beneath or around said 
10 porous member, said capillary network substantially paral- 
lel to the lower surface of said porous member; 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
15 non-absorbent member when the volume of said sample, alone 
or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
made between said porous member and said nonabsorbent 
member. 

20 6, A device for assaying a sample suspected of 

containing at least one target ligand comprising: 

a porous member having an upper and a lower surface, 
said sample being applied to said upper surface; and 
wherein at least one ligand receptor is directly or 

25 indirectly bound; and 

a non-absorbent member having a textured surface with 
channels capable of forming a network of capillary chan- 
nels when placed in communication beneath or around said 
porous member, said capillary network substantially 

30 parallel to the lower surface of said porous member; 

Whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
non-absorbent member when the volume of said sample, alone 

35 or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
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made between said porous member and said nonabsorbent 
member. 

7. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

5 (a) a porous member having an upper and a lower 

surface, said sample being applied to said upper surface; 
and 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 

10 capillary channels when placed in communication beneath or 
around said porous member, said capillary network substan- 
tially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
15 substantially above or substantially around said porous 

member (a) , having at least one opening, such that fluids 
applied to said opening wick over and/ or into said porous 
member (b) ; and 

whereby sample, alone or in combination with other 

20 fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 
non-absorbent member when substantially all the void 
volume of said porous member is filled with said sample 
and/or fluids and when contact is made between said porous 

25 member and said non-absorbent member. 

8. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

(a) a porous member having an upper and a lower 
surface, said sample being applied to said upper surface; 

30 and wherein at least one binding agent is directly or 
indirectly bound; and 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 
capillary channels when placed in communication beneath or 

35 around said porous member, said capillary network 
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substantially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
substantially above or substantially around said porous 
5 member (a) , having at least one opening , such that fluids 
applied to said opening wick over and/or into said porous 
member (b) ; and 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
10 lary network formed between said porous member and said 
non-absorbent member when substantially all the void 
volume of said porous member is filled with said sample 
and/or fluids and when contact is made between said porous 
member and said non-absorbent member. 

15 9. A device for assaying a sample suspected of 

containing at least one target ligand comprising: 

(a) a porous member having an upper and a lower 
surface, said sample being applied to said upper surface; 
and wherein at least one ligand receptor is directly or 

20 indirectly bound; and 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 
capillary channels when placed in communication beneath or 
around said porous member, said capillary network substan- 

25 tially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
substantially above or substantially around said porous 
member (a) , having at least one opening, such that fluids 

30 applied to said opening wick over and/or into said porous 
member (b) ; and 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
lary network formed between said porous member and said 

35 non-absorbent member when substantially all the void 
* 

volume of said porous member is filled with said sample 
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and/or fluids and when contact is made between said porous 
member and said non-absorbent member. 

10. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 
5 (a) a porous member having an upper and a lower 

surface, said sample being applied to said upper surface; 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 
capillary channels when placed in communication beneath or 

10 around said porous member, said capillary network substan- 
tially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
substantially above or substantially around said porous 

15 member (a) , having at least one opening, such that fluids 
applied to said opening wick over and/ or into said porous 
member (b) ; and 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 

20 lary network formed between said porous member and said 
non-absorbent member when the volume of said sample, alone 
or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
made between said porous member and said nonabsorbent 

25 member. 



11. A device for assaying a sample suspected of 
containing at least one target ligand comprising: 

(a) a porous member having an upper and a lower 
surface, said sample being applied to said upper surface; 

30 and wherein at least one binding agent is directly or 
indirectly bound; 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 
capillary channels when placed in communication beneath or 

35 around said porous member, said capillary network 
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substantially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
substantially above or substantially around said porous 
5 member (a) , having at least one opening, such that fluids 
applied to said opening wick over and/or into said porous 
member (b) ; and 

whereby sample, alone or in combination with other 
fluids is drawn through said porous member to said capil- 
10 lary network formed between said porous member and said 
non-absorbent member when the volume of said sample, alone 
or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
made between said porous member and said nonabsorbent 
15 member. . 

12. A. device for assaying a sample suspected of 
containing at least one target ligand comprising: 

(a) a porous member having an upper and a lower 
surface, said sample being applied to said upper surface; 

20 and wherein at least one ligand receptor is directly or 
indirectly bound; 

(b) a non-absorbent member having a textured 
surface with channels capable of forming a network of 
capillary channels when placed in communication beneath or 

25 around said porous member, said capillary network substan- 
tially parallel to the lower surface of said porous 
member; 

(c) a non-absorbent third member disposed 
substantially above or substantially around said porous 

30 member (a) , having at least one opening, such that fluids 

applied to said opening wick over and/or into said porous 

member (b) ; and 

whereby sample, alone or in combination with other 

fluids is drawn through said porous member to said capil- 
35 lary network formed between said porous member and said 

non-absbrbent member when the volume of said sample, alone 
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or in combination with other fluids substantially exceeds 
the void volume of said porous member and when contact is 
made between said porous member and said nonabsorbent 
member. 

5 13. Device of claims 3 or 6 or 9 or 12 wherein said 

ligand receptor is a monoclonal antibody capable of bind- 
ing to said target ligand. 

14. Device of claims 1 or 2-12 wherein said porous 
member is a nylon membrane. 

10 15. Method of performing a non-competitive ligand 

receptor assay using the device of claims 2, 3, 5, 6, 8, 
9, 11 or 12 comprising the steps of: 

(a) applying a volume of said sample to said 

device ; 

15 (b) adding a volume of a labelled second 

binding agent capable of binding to the complex formed 
between said target ligand and said bound binding agent; 
and 

(c) washing to remove excess target ligand 
20 and/ or excess fluids. 

16. Method of performing a competitive ligand 
receptor assay using the device of claims 3, 6, 9 or 12 
comprising the steps of: 

(a) applying a volume of said sample to said 
25 device, said sample comprising at least one said target 

ligand and at least one labelled ligand analogue capable 
of competing with said target ligand for binding to said 
ligand receptor bound in said porous member; 

(b) allowing said labelled ligand analogue to 
30 bind said bound ligand receptor; and 

(c) washing to remove excess target ligand 
and/or excess fluids. 
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17 . Method of performing a competitive ligand 
receptor assay using the device of claims 3, 6, 9 or 12, 
wherein said target ligand in said sample is a ligand 
receptor capable of competing with a labelled ligand 
5 receptor conjugate for binding to said binding agent bound 
in said porous member, comprising the steps of: 

(a) applying a volume of said sample to said 
device, said sample comprising at least one said target 
ligand and at least one ligand receptor conjugate; 
10 (b) allowing said labelled ligand receptor to 

bind said bound ligand receptor; 

(c) washing to remove excess target ligand 
and/or excess fluids. 
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